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Abstract?&RFRD EHDQV Theobroma cocoa / DUH WKH PDLQ
FRPSRQHQWV IRU FKRFRODWH PDQXIDFWXULQJ 7KH EHDQV PXVW EH
FRUUHFWO\ IHUPHQWHG DW ILUVW 7UDGLWLRQDO SURFHVV WR SHUIRUP WKH ILUVW
IHUPHQWDWLRQ ODFWLF IHUPHQWDWLRQ RIWHQ FRQVLVWV LQ FRQILQLQJ FDFDR
EHDQV XVLQJ EDQDQD OHDYHV RU D IHUPHQWDWLRQ EDVNHW ERWK RI WKHP
OHDGLQJWRDSRRUSURGXFWWKHUPDOLQVXODWLRQDQGWRDQLQDELOLW\WRPL[
WKH SURGXFW %R[ IHUPHQWHU UHGXFHV WKLV ORVV E\ XVLQJ DZRRGZLWK
ODUJH WKLFNQHVV H!FP EXW PL[LQJ WR KRPRJHQL]H WKH SURGXFW LV
VWLOOKDUGWRSHUIRUP$XWRPDWLFIHUPHQWHUVDUHQRWUHQWDEOHIRUPRVW
RI SURGXFHUV +HDW 7!?& DQG DFLGLW\ SURGXFHG GXULQJ WKH
IHUPHQWDWLRQ E\ PLFURELRORJ\ DFWLYLW\ RI \HDVWV DQG EDFWHULD DUH
HQDEOLQJ WKH HPHUJHQFH RI SRWHQWLDO IODYRU DQG WDVWH RI IXWXUH
FKRFRODWH,Q WKLVVWXG\DF\OLQGURURWDWLYHIHUPHQWHU )&59KDV
EHHQ EXLOW DQG FRFRQXW ILEHUV ZHUH XVHG LQ LWV VWUXFWXUH WR FRQILQH
KHDW$QD[LVRI URWDWLRQ ?KDVEHHQ LQWHJUDWHG WR IDFLOLWDWH WKH
WXUQLQJ DQG KRPRJHQL]DWLRQ RI EHDQV LQ WKH IHUPHQWHU 7KLV D[LV
SHUPLWV WR SXW IHUPHQWHU LQ D YHUWLFDO SRVLWLRQ GXULQJ WKH DQDHURELF
DOFRKROLFSKDVHRIIHUPHQWDWLRQDQGKRUL]RQWDOO\GXULQJDFHWLFSKDVH
WRWDNHDGYDQWDJHRIWKHPLGKHLJKWILOOLQJ)RUFLUFXODWLRQRIDLUIORZ
GXULQJWXUQLQJLQDFHWLFSKDVHWZRZRYHQUDWWDQZLWKJULGKDYHEHHQ
PDGHRQHIRUWKHWRSDQGVHFRQGIRUWKHERWWRPRIWKHIHUPHQWHU,Q
RUGHU WR UHGXFHDLU IORZGXULQJDFHWLFSKDVH WZRDLUWLJKWFRYHUVDUH
SXWRQHDFKJULGFRYHU7KHHIILFLHQF\RIWKHWXUQLQJE\WKLVNLQGRI
URWDWLRQFRXSOHGZLWKKRPRJHQL]DWLRQRIWKHWHPSHUDWXUHFDXVHGE\
WKHKRUL]RQWDOSRVLWLRQLQWKHDFHWLFSKDVHRIWKHIHUPHQWHUFRQWULEXWH
WR KDYLQJ D JRRG SURSRUWLRQ RI ZHOOIHUPHQWHG EHDQV  ,Q
DGGLWLRQEHDQV?S+YDOXHVUDQJHGEHWZHHQDQG7KHVHYDOXHV
DUH LGHDO IRU HQ]\PDWLF DFWLYLW\ LQ WKH SURGXFWLRQ RI WKH DURPDWLF
FRPSRXQGV LQVLGH EHDQV 7KH UHJXODULW\ RI PDVV ORVV GXULQJ DOO
IHUPHQWDWLRQ PDNHV LW SRVVLEOH WR SUHGLFW WKH GU\LQJ VXUIDFH
FRUUHVSRQGLQJWRWKHDPRXQWEHLQJIHUPHQWHG

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+( EDVLF SURGXFW IRU FKRFRODWH PDQXIDFWXULQJ LV FRFRD
EHDQV (DFK FRFRD WUHH IUXLW FRQWDLQV DERXW  EHDQV
Theobroma cacao / 7KLV IUXLW FDOOHG FRFRD SRG ZKHQ
ULSHQLQJ EHFRPHV RUDQJH RU \HOORZ 7KH\ DUH KDUYHVWHG DQG

$6.RIIL1*<DRDQG'.DGMRZHUHZLWK/DERUDWRU\RI3K\VLFVRI
&RQGHQVHG0DWWHUDQG7HFKQRORJ\8)56FLHQFHVRIWKH6WUXFWXUHVRI0DWWHU
DQG7HFKQRORJ\)?OL[+RXSKRX?W%RLJQ\8QLYHUVLW\RI&RFRG\%3
$ELGMDQ &?WH G
,YRLUH HPDLO VWHSKDQHNRIIL#XERUGHDX[IU
[DVWLQ#\DKRRIU
3%DVWLGHLVZLWK&LUDG8353HUIRUPDQFHRISHUHQQLDOFURSV\VWHPV7$
% $YHQXH $JURSROLV  0RQWSHOOLHU FHGH[  )UDQFH HPDLO
SKLOLSSHEDVWLGH#FLUDGIU
'%UXQRLV805ZLWKWKH'HSDUWPHQW75()/(8QLYHUVLW\RI
%RUGHDX[  7DOHQFH FHGH[ )UDQFH HPDLO GHQLVEUXQHDX#X
ERUGHDX[IU
RSHQHG>@>@WRH[WUDFWWKHEHDQVDQGWKHLUHQYHORSLQJSXOS
LQVLGH IRU IROORZLQJ DOFRKROLF DQG DFHWLF IHUPHQWDWLRQV 7KH
ODVW VWHS LV WKH GU\LQJ RQ WKH IDUP LQ RUGHU WR HQVXUH WKHLU
VWDELOLW\ 7KH IHUPHQWDWLRQ SURFHVV LQYROYHV PDQ\ FKHPLFDO
UHDFWLRQV WKDW OHDG WR UHYHDO WKH DURPDWLF FRPSRXQGV DQG WR
GHYHORSFKRFRODWHWDVWHSUHFXUVRUV2QFHWKHSRGVDUHRSHQHG
WKHEHDQVDUHKDQGOHGE\WKHRSHUDWRUDQGWKXVJHW LQFRQWDFW
ZLWK WKH RSHUDWRU KDQGV DQG WRROV DQG VXUURXQGLQJ DLU DQG
LQVHFWV 7KLV IHUPHQWDWLRQ HQYLURQPHQW WKXV EULQJV WKHP
\HDVWV EDFWHULD DQG PROGV >@ >@ 7KH PLFURELDO DFWLYLW\
JHQHUDWHG E\ WKHVH JHUPV LV FRPSRVHG RI WZR VXFFHVVLYH
SKDVHV DQ DQDHURELF DOFRKROLF SKDVH IROORZHG E\ DQ DHURELF
DFHWLFSKDVH
7KHZDWHUFRQWDLQHGLQWKHSXOSFRQVWLWXWHVDEDUULHUZKLFK
SUHYHQWVWKHDLUWRUHDFKWKHEHDQVLQVLGHWKHPDVV7KLVVXJDU
ULFKPHGLXPDFLGLW\DQGWHPSHUDWXUH>@PDNHVLWVXLWDEOHIRU
WKHGHYHORSPHQWRI\HDVWV >@<HDVWV WUDQVIRUPJOXFRVH LQWR
DOFRKRO7KLVILUVWIHUPHQWDWLRQFDQODVWXSWRKRXUVZLWKD
WHPSHUDWXUHXSWR?&,WOHDGVWRWKHGHJUDGDWLRQRIWKHSXOS
DQG WKH IORZ RI VXJDU ZDWHU SXOS MXLFH WKURXJK WKH FRFRD
EHDQV PDVV WKHUHE\ UHGXFLQJ WKH PDVV RI WKH SURGXFW LQ
IHUPHQWDWLRQ 7KXV WKH DFHWLF IHUPHQWDWLRQ SKDVH LV IDYRUHG
E\ WKH LPSURYHPHQW RI R[\JHQDWLRQRIKHDSRI IHUPHQWDWLRQ
7KH DOFRKRO SURGXFHG SUHYLRXVO\ DFWV DV D VXEVWUDWH IRU
EDFWHULD WR SURGXFH DFHWLF DFLG 'XULQJ WKLV IHUPHQWDWLRQ
SKDVH DFHWLF DFLG LV PDLQO\ SURGXFHG E\ R[LGL]DWLRQ RI
DOFRKRO E\ WKH DFHWLF EDFWHULD $% QHYHUWKHOHVV SURGXFWLRQ
RIODFWLFDFLGE\ODFWLFEDFWHULDLVREVHUYHG6RPHRIWKHDFLGV
HYDSRUDWHVRPHDUH WUDQVIRUPHG LQWRHVWHUVDQGVRPHGLIIXVH
LQWRWKHEHDQV7KHVHR[LGDWLRQUHDFWLRQVDUHPRUHH[RWKHUPLF
WKDQ DOFRKROLF UHDFWLRQ DQG WHPSHUDWXUH LQ WKH FRFRD EHDQV
PDVV FDQ UHDFK RU RYHUFRPH ?& 7KLV UHDFWLRQ SURGXFHV
ZDWHU>@
7KLVZDWHUZLOOEHHYDFXDWHGE\JUDYLW\RUE\ HYDSRUDWLRQ
EHFDXVHRIWKHKLJKWHPSHUDWXUHOHDGLQJWRDIXUWKHUUHGXFWLRQ
LQ WKH PDVV RI WKH EHDQV LQ IHUPHQWDWLRQ HYHQ LI LW LV OHVV
LPSRUWDQWWKDQWKHSUHYLRXVRQH7KHFRPELQDWLRQRIWKLVKLJK
WHPSHUDWXUH DQG WKH DFLGLW\ OHDGV WR WKH SHQHWUDWLRQRI DFHWLF
DFLGLQWRWKHQLE,WFDXVHVDJUDGXDOEURZQLQJRIFRW\OHGRQV
WKHGHDWKRIWKHJHUPWKHDSSHDUDQFHRIDPLQRDFLGVDQGRWKHU
SUHFXUVRUV RI IODYRUV >@>@ 7KHVH FKDQJHV LQ WKH QLE DUH
FDUULHG RXW E\ HQ]\PHV ZKRVH DFWLYLW\ DUH RSWLPDO DW S+
YDOXHV DERXW  >@ ,GHDO IHUPHQWDWLRQ SURFHVV UHTXLUHV D
UHJXODUPL[LQJRIWKHFRFRDEHDQVPDVVE\WKHRSHUDWRU7KLV
DFWLRQ ZLOO FRQVLVW LQ PL[LQJ WKH EHDQV LQ KHDS GXULQJ
IHUPHQWDWLRQ WR KRPRJHQL]H WKH FKHPLFDO UHDFWLRQV LQ
+RPRJHQL]DWLRQRI&RFRD%HDQV)HUPHQWDWLRQWR
8SJUDGH4XDOLW\8VLQJDQ2ULJLQDO,PSURYHG
)HUPHQWHU
$ND6.RIIL1?*RUDQ<DR3KLOLSSH%DVWLGH'HQLV%UXQHDX'LE\.DGMR
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
SURJUHVV 7KH RSWLPXP IUHTXHQF\ LV WR WXUQ EHDQV DIWHU WKH
ILUVW  KRXUV RI IHUPHQWDWLRQ WKHQ HYHU\  KRXUV >@
$QRWKHU DSSURDFK FRQVLVWV RI WXUQLQJ DIWHU  KRXUV RI
IHUPHQWDWLRQDQGWKHQKRXUVZLWKWKHDLPRIUHDFKLQJ?&
LQ WKH IHUPHQWHGKHDS$FFRUGLQJ WR%DUHO >@ D WXUQLQJFDQ
RFFXU DIWHU DQRWKHU  KRXUV LQ RUGHU WR UHDFK ?& $Q
HIILFLHQWPL[LQJ WKXV FRQWULEXWHV WR LPSURYLQJ WKH TXDOLW\ RI
EHDQV >@ E\ IDYRULQJ WKH DFWLRQ RI $% %HFDXVH RI WKH
IHUPHQWDWLRQ SURFHVV DQG WKH DFWLRQV WR DFFRPSDQ\ LW LW
DSSHDUVWKDWWKHIHUPHQWHUKDVWRUHDOL]HWKUHHPDMRUIXQFWLRQV
WRLPSURYHWKHTXDOLW\RIFDFDREHDQVDIDFLOLWDWHWKHDFWLYLW\
RI WKH IHUPHQWLQJJHUPVEPDNH WKHKRPRJHQL]DWLRQRI WKH
IHUPHQWDWLRQ KHDS HDV\ DQG HIILFLHQW F FRQWDLQ WKH KHDW
SURGXFHG GXULQJ IHUPHQWDWLRQ IRU RSWLPL]LQJ WKH FKHPLFDO
FKDQJHVLQVLGHWKHQLE
7KH TXDOLW\ RI IHUPHQWHG FRFRD EHDQV GHSHQGV RQ WKH
IHUPHQWHU GHVLJQ >@ >@ WKHQ VHYHUDO DXWKRUV UHFRPPHQG
PXOWLOHYHO IHUPHQWHU RU FRPSDUWPHQWV1HYHUWKHOHVV ULVNV RI
KHDW ORVVHV DUH KLJK IRU WKLV IUDJPHQWHG DUFKLWHFWXUH 2WKHU
ZRUNV UHFRPPHQG XVLQJ IHUPHQWDWLRQ ER[ PDGH ZLWK VROLG
SODQNRIZRRGZLWKDW OHDVWFPRI WKLFNQHVV WRUHGXFH WKHVH
ORVVHV>@EXWWKLVZD\KDVDQLPSDFWRQWKHFRVWRIUHDOL]DWLRQ
DQGWKHPRELOLW\RIWKHIHUPHQWHU,QDQRWKHUVWXG\WKHWXUQLQJ
LVDXWRPDWHGDQG WKLV IHUPHQWHUPD\FRQWDLQ WKHKDUYHVWRID
KHFWDUHSODQWDWLRQ>@)LQDOO\DQRWKHUDXWKRUUHIHUVWRWKH
XVH RI ROG EDUUHOV RI ZLQH DQG WXUQLQJ ZLOO EH UHDOL]HG E\
UROOHGLWRQWKHIORRU%XWLQWKLVW\SHRIIHUPHQWHUWKHSRRUDLU
FLUFXODWLRQLQFUHDVHVWKHULVNRIPROGJURZWK>@
7KH DLPRI WKLV VWXG\ LV WR GHVLJQ DQG UHDOL]H D IHUPHQWHU
LQWHJUDWLQJWKHVHWKUHHIXQFWLRQVVLPXOWDQHRXVO\7KHQZHZLOO
VWXG\LWVLPSDFWRQWKHTXDOLW\RIWKHIHUPHQWDWLRQWKURXJKWKH
PRQLWRULQJ RI WKH S+ RI WKH EHDQV HYROXWLRQ RI WHPSHUDWXUH
GXULQJWKHSURFHVVLPSDFWRIWKHW\SHRIWXUQLQJLPSOHPHQWHG
PDVV RI EHDQV DW WKH HQG RI IHUPHQWDWLRQ DQG LPSDFW RI WKH
IHUPHQWHURQWKHTXDOLW\RIH[SRUWHGEHDQV
,, 0$7(5,$/6
7KH FRFRD SODQWPDWHULDO FDPH IURP WKH FRFRDSODQWDWLRQV
RIWKH$JULFXOWXUDO6RFLHW\RI%DQGDPD6$%LQ&?WHG
,YRLUH
LQ WKH YLOODJH 0
%ULPER 7KHVH SRGV DUH IURP GLIIHUHQW
JHQRW\SHV DQG WKH EHKDYLRU RI WUHHV LQ WKH ILHOG LV
KHWHURJHQHRXV OLNH WKH ,YRULDQ RUFKDUG &XOWLYDUV XVHG DUH
PDLQO\?XQFRQWUROOHGPL[HV? LW LV DPL[RIPRVWO\7ULQLWDULR
DQG )RUHVWHUR DPHORQDGR ZLWK &ULROOR LQ YHU\ VPDOO
SURSRUWLRQ
,,,0(7+2'2/2*<
A. Experimental Design 
3RGVKDYHEHHQKDUYHVWHGDQGVWRUHGGXULQJGD\VEHIRUH
SRG EUHDNLQJ 2Q WKH WK GD\ IURP  DP SRGV DUH RSHQHG
ZLWKDSLHFHRIZRRGDFFRUGLQJ WRKDELWV LQ UXUDODUHDV7KH
LPSDLUHG EHDQV VXFK DV JHUPLQDWHG VWXQJ E\ LQVHFW EHDQV
IURP XQULSH SRGV IODW EHDQV DQG EHDQV GDPDJH GXULQJ SRG
EUHDNLQJ ZHUH GLVFDUGHG 7KHQ JRRG EHDQV DUH JURXSHG LQ
SODVWLFFRQWDLQHUVIRUWUDQVSRUWWRWKHIHUPHQWHU7KHTXDQWLWLHV
ORDGHG LQWR IHUPHQWHUYDULHGEHWZHHQNJ DQGNJ)RU
WKH ZKROH H[SHULPHQWDWLRQ DERXW  WRQ RI IUHVK EHDQV ZHUH
XVHG7KHERWWRPDQGZDOOVRIWKHH[SHULPHQWDOIHUPHQWHUZDV
OLQHGZLWK DERXW VL[ ODUJH EDQDQD OHDYHV 7KH ORDGLQJ RI WKH
IHUPHQWHUZDVJHQHUDOO\FRPSOHWHGDURXQGSPDQG WKH
IHUPHQWDWLRQ ZDV VWRSSHG RQ WKH WK GD\ DSSUR[LPDWHO\
DURXQG  DP DERXW  KRXUV RI IHUPHQWDWLRQ 7KH
PDVVRI WKHEHDQV DW WKH LQOHW RI WKH IHUPHQWHUZDVZHLJKHG
7KH WHPSHUDWXUHV LQ WKH IHUPHQWDWLRQ PDVV DQG LQ WKH
LPPHGLDWH IHUPHQWHU HQYLURQPHQW ZHUHPHDVXUHG GXULQJ WKH
IHUPHQWDWLRQ 7KH S+ RI WKH EHDQV ZDV PHDVXUHG 7ZR
WXUQLQJV? WLPLQJ ZHUH XVHG WKH ILUVW LV D WXUQLQJ HYHU\ 
KRXUV RQ DYHUDJH DQG WKH VHFRQG LV D WXUQLQJ DIWHU  KRXUV
DQG WKHQ HYHU\KRXUV$W WKH HQGRI WKH IHUPHQWDWLRQ WKH
EHDQVZHUHZHLJKHGDJDLQDQG VHSDUDWHG LQWR WZRHTXDO ORWV
2QH ORWZDVGULHG LQD WUDGLWLRQDOGU\HUDQG WKH VHFRQG LQDQ
H[SHULPHQWDOGU\HU'U\LQJZDVIURPDPWRSP
IRUWRGD\V$WWKHHQGRIWKHGU\LQJIRUWKHHYDOXDWLRQRI
WKHTXDOLW\DVDPSOHZDVWDNHQIRUHYDOXDWLRQ)LJ


D


E
)LJ0HDVXUHSRLQWGXULQJH[SHULPHQWDOGHVLJQDIRU
IHUPHQWDWLRQEIRUGU\LQJ
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7$%/(,
&$37,21$662&,$7(':,7+7+(0($685(0(176'(6,*1
$QQRWDWLRQV 'HVFULSWLRQRIDQQRWDWLRQ $QQRWDWLRQV
'HVFULSWLRQRI
DQQRWDWLRQ
% +HDOWK\IUHVKEHDQV 0 ,QOHWIUHVKEHDQVPDVV
3
6DPSOLQJSUREHWR
UHWULHYHWKHVDPSOH
HYHU\FPLQ
KHLJKW
S+ $FLGLW\RIEHDQV
)5&9 ([SHULPHQWDOIHUPHQWHU 0 )HUPHQWHGEHDQVPDVV
)% )HUPHQWHGEHDQV 7L 7HPSHUDWXUHHDFKFPRIWKHKHDSKLJK
' 'U\LQJ 0 0DVVRIGU\EHDQV
B. Methods of Measurement 
Temperature during Fermentation 7KH WHPSHUDWXUH LQ WKH
IHUPHQWDWLRQ PDVV ZDV PHDVXUHG E\ SODFLQJ  ZDWHUSURRI
SUREHV / P SW ZLUH DW GLIIHUHQW KHLJKWV P
P P LQWR WKH PDVV DQG DW P IURP WKH HGJH
7KHQ GDWD ZHUH UHDG DQG UHFRUGHG HDFK PLQXWH RQ DQ
DFTXLVLWLRQ XQLW $/0(02 :LPHVXUH )UDQFH 7KH
SDUW RI WKH SUREH RXWVLGH WKH IHUPHQWHU LV SURWHFWHG IURP
ZHDWKHUKD]DUGV
pH during Fermentation 'XULQJ WKH IHUPHQWDWLRQ 
VDPSOHVRIEHDQVDUHWDNHQSHUGD\DWKKKKK
KKKKKKDQGKDWGLIIHUHQWGHSWKV
DQG LQ GLIIHUHQW DUHDV LQ WKH IHUPHQWHU ZLWK FRULQJ RI WKH
VDPSOLQJSUREH$EDWFKRIJZDVFUXVKHGZLWKDSURSHOOHU
PLOO DQG WKHQ J ZHUH ZHLJKHG RQ D SUHFLVLRQ VFDOH
?J7KH\ ZHUH PL[HG ZLWK PO RI GLVWLOOHG ZDWHU
DFFRUGLQJWR WKH$VVRFLDWLRQRI2IILFLDO$QDO\WLFDO&KHPLVWV?
$2$&>@$IWHU VWLUULQJ D S+PHWHU DGDSWHG WR WKH SDVW\
SURGXFW )<3+(( :LPHVXUH )UDQFH DQG SUHYLRXVO\
FDOLEUDWHG ZDV LPPHUVHG LQ WKH VROXWLRQ $IWHU VWDELOL]DWLRQ
WKH GLVSOD\HG YDOXHZDV UHFRUGHG 7KH S+PHWHU DQG DOO WKH
HTXLSPHQW XVHGZHUH DEXQGDQWO\ ULQVHGZLWK GLVWLOOHGZDWHU
IRUWKHQH[WXVH
Mass Weight before and after Fermentation7KHWRWDOPDVV
ZHLJKW RI WKH EHDQV LQVLGH WKH IHUPHQWHU ZDV REWDLQHG E\
DGGLQJWRJHWKHU WKHVXFFHVVLYHPDVVHVZHLJKWRI WKHGLIIHUHQW
EDWFKHV LQWURGXFHG ZLWK D SUHFLVLRQ EDODQFH J 3&(3%
1 7KH VDPH SULQFLSOH ZDV XVHG DW WKH HQG RI WKH
IHUPHQWDWLRQ
Final Quality of Exported Beans&XWWHVWKDVEHHQGRQHWR
HYDOXDWH WKH TXDOLW\ RI EHDQV DIWHU IHUPHQWDWLRQ DQG GU\LQJ
%HDQVDUHFXWLQKDOIOHQJWKZLVHDQGFRORURIERWKKDOYHVZHUH
H[DPLQHGLQIXOOGD\OLJKW7KHSHUFHQWDJHRIEURZQQLEZHOO
IHUPHQWHGEHDQVLVGHWHUPLQHG,WLVHVWDEOLVKHGRQEHDQV
WDNHQIURPGLIIHUHQWSDUWVRIWKHEDJDIWHUFROOHFWLQJWKHEHDQV
IURPHDFKGU\HU>@
,9 5(68/76$1'',6&866,21
A. Specification and Implementation of the Experimental 
Fermenter 
7KHDQDO\VLVRIWKHFKHPLFDOSURFHVVRIIHUPHQWDWLRQWDNLQJ
LQWRDFFRXQWWKHWKUHHHVVHQWLDOIXQFWLRQVLQDFRFRDIHUPHQWHU
DOORZHGXVWRKDYHDQHZDSSURDFKLQWKHGHVLJQRIIHUPHQWHU
7KLV UHVXOWHG LQ D UHDOL]DWLRQ RI D F\OLQGULFDO IHUPHQWHUZLWK
FLUFXODU FURVV VHFWLRQ ,W LV KDOI ORDGHG DQG LQ D YHUWLFDO
SRVLWLRQLQDGGLWLRQLWLQFOXGHV
? $ ZRRGHQ IUDPH ZLWK WKH SDUWLWLRQ ZDOOV OLQHG ZLWK
FRFRQXWILEHUIRUWKHUPDOLQVXODWLRQ
? 7ZR JULG FRYHUV PDGH LQ ZRYHQ UDWWDQ DOORZLQJ DLU WR
FLUFXODWHLQWKHIHUPHQWHUGXULQJWKHWXUQLQJSKDVHV
? 7ZRDLUWLJKWFRYHUVWREHIL[HGRQWRSRIHDFKJULGFRYHU
WR UHGXFH DLU IORZ FLUFXODWLRQ GXULQJ UHVW RI WKH WLPH RI
IHUPHQWDWLRQ 7KH ERWWRP DLUWLJKW FRYHU ZLOO EH SLHUFHG
ZLWK D KROH WR IDFLOLWDWH WKH IORZ RI WKH IHUPHQWHG
VZHDWLQJ
? $ EHDQ FRPSUHVVLRQ GHYLFH KDV EHHQ XVHG WR SUHVV WKH
IHUPHQWLQJ PDVV LQ RUGHU WR HMHFW WKH DLU SRFNHWV LQ
EHWZHHQEHDQVIRUPHGGXULQJWKHILOOLQJDQGWRUHPRYHD
SDUWRIWKHSXOSZDWHU
? $FRYHURQWKHVXUIDFHRIWKHIHUPHQWLQJPDVVWRVHSDUDWH
LWIURPWKHHPSW\VSDFHOHIWDIWHUWKHILOOLQJ
? $ UDNH KDV EHHQ XVHG WR VSUHDG WKH EHDQV GXULQJ ILOOLQJ
DQGDOVRIRUUHPRYLQJWKHPIURPWKHIHUPHQWHUDWWKHHQG
RIIHUPHQWDWLRQ
? $WLOWLQJPHFKDQLVPDQGDQD[LVRIURWDWLRQ7KLVD[LVRI
URWDWLRQ PXVW KDYH WKUHH IXQFWLRQV WKH ILUVW DOORZLQJ D
URWDWLRQ RI WKH IHUPHQWHU WR UHDOL]H WKH WXUQLQJ 7KH
VHFRQG LV WR NHHS WKH IHUPHQWHU LQ D YHUWLFDO SRVLWLRQ
GXULQJ WKH DOFRKROLF SKDVH 7KH WKLUG LV WR DOORZ WKH
IHUPHQWHUWRJRDQGWRPDLQWDLQLWVHOIKRUL]RQWDOO\GXULQJ
WKHDFHWLFSKDVHLQRUGHUWRLQFUHDVHWKHH[FKDQJHVXUIDFH
RI WKH EHDQVZLWK DLU DQG WRPDQDJH WKH KHDW SUHYDLOLQJ
LQVLGH
7KH D[LV RI URWDWLRQ VKRXOG PDNH LW SRVVLEOH WR HQVXUH D
GURS RI WKH EHDQV ZKLFK EUHDNV DJJUHJDWHV (DFK URWDWLRQ
FRUUHVSRQGVWRDWXUQLQJWRKRPRJHQL]HWKHGLVWULEXWLRQRIWKH
DLUDQGWKXVDOORZVDKRPRJHQL]DWLRQRIWKHFKHPLFDOUHDFWLRQV
LQSURJUHVV,WVVL]HLVUHODWHGWRLWVSURFHVVLQJFDSDFLW\,QRXU
FDVHZHSURFHVVHGNJRI IUHVKEHDQVZLWKD IHUPHQWDWLRQ
YROXPHRI9IHUP PDQGDEDVHUDGLXVUIHUPE PFI
)LJ


D

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

E          F
)LJ)HUPHQWHUDGUDZLQJZLWKTXRWDWLRQE'UDZLQJLQWHULRU
YLHZFDIWHULPSOHPHQWDWLRQ
B. Evolution of Temperature during Fermentation 
'XULQJ WKH ILUVW  KRXUV WKH WHPSHUDWXUH RI WKH EHDQV LQ
WKHIHUPHQWHULQFUHDVHGIURP?&WR?&)URPKRXUVWR
 KRXUV LWV UHPDLQV DERYH ?& DQG WKH KLJKHVW YDOXH
?&????????DWKRXUV7KHZDYHLQWHPSHUDWXUHYDOXH
DQGGHFUHDVHVDUHGXHWRWXUQLQJSURFHVV%HIRUHKRXUVRI
IHUPHQWDWLRQ WKH WXUQLQJFDXVHV WHPSHUDWXUH LQFUHDVHV$IWHU
WKH FKDQJHV LQ WKHLU SURJUHVV DUH ORZHU 7KH H[WHUQDO
HQYLURQPHQW LQ ZKLFK WKH IHUPHQWHU LV ORFDWHG KDV QR
LQIOXHQFH RQ WKH HYROXWLRQ RI WKH WHPSHUDWXUH LQ EHDQV KHDS
GXULQJ IHUPHQWDWLRQ 7HPSHUDWXUHV DOZD\V UHDFK  ?&
DOWKRXJK VRPHWLPHV LW FDQ WDNH DERXW  GD\V 7KHVH
WHPSHUDWXUHV DUH PXFK KLJKHU WKDQ WKRVH REWDLQHG LQ VRPH
UHVHDUFK ZRUNV ZKHUH NJ RI EHDQV ZHUH XVHG >@
1HYHUWKHOHVV WKHVH WHPSHUDWXUHV DUH SUDFWLFDOO\ LGHQWLFDO WR
WKRVHPHDVXUHGLQD IHUPHQWDWLRQZLWKNJ>@$IWHU
KRXUV LQ WK GD\V WKH SURSRUWLRQ RI R[LGL]HG DOFRKRO KDV
EHFRPH YHU\ ORZ >@WKLV PD\ H[SODLQ WKH QRQVLJQLILFDQW
LQFUHDVHLQWHPSHUDWXUHDFFRPSDQ\LQJWKHWXUQLQJVFI)LJ


)LJ(YROXWLRQRIWKHWHPSHUDWXUH7LQWKHIHUPHQWHU)5&9
7PR\ZLWKPL[LQJHYHU\KDQGHYROXWLRQRIWKHDPELHQW
WHPSHUDWXUH7D?7PR\?7D
C. Modification of Bean’s pH during the Fermentation 
7KHLQLWLDOS+RIWKHEHDQLV'XULQJWKHILUVWWZRGD\V
LWV YDOXH GHFUHDVHV WR  DQG WKHQ RVFLOODWHV YHU\ ZHDNO\
EHWZHHQ  DQG  6LPLODU UHVXOWV KDYH EHHQ IRXQG E\
$SUL\DQWR HW DO>@ $FFRUGLQJ WR $IRDNZD HW DO>@ WKH
QXPEHURISRGVWRUDJHGD\VSHUPLWV WR LQFUHDVHWKHS+YDOXH
DWWKHHQGRIWKHIHUPHQWDWLRQ8SWRKRXUVWKHGHFUHDVHRI
S+YDOXHFRUUHVSRQGVWRDQDFLGSURGXFWLRQLQWKHIHUPHQWLQJ
PDVV,WLVDOVRREVHUYHGE\2XDWWDUDHWDO>@DQGLWFDXVHGE\
DFLGLILFDWLRQRI WKH SXOS FRUUHVSRQGLQJ WR DQ LQFUHDVH LQ WKH
DFWLYLW\ RI ODFWLF DFLG EDFWHULD RYHU WKLV WLPH UDQJH 7KH
PRGHUDWH LQFUHDVH RI S+ EHWZHHQ  KRXUV DQG  KRXUV
FRUUHVSRQGV WR D UHGXFWLRQ RI HQYLURQPHQW DFLGLW\ ,W LV
SUREDEO\ GXH WR WKH FRQVXPSWLRQ RI SDUW RI DFLG ,QGHHG
GXULQJ WKH DFHWLF SKDVH D SDUW RI WKH DFLG ZLOO HYDSRUDWH
DQRWKHUSDUWZLOOPLJUDWHLQVLGHWKHQLEWRPHOWWKHIDWDQGWKH
ODVWSDUWZLOOEHPHWDEROL]HGWRHVWHUV>@>@7KHYHU\ORZ
RVFLOODWLRQ UHFRUGHG XS WR WKH HQG RI WKH IHUPHQWDWLRQ LV
SUREDEO\GXH WR WKHSURGXFWLRQRI DFLGE\ WKHDFHWLFEDFWHULD
DQG WKH FRQVXPSWLRQ RI WKLV DFLG E\ HYDSRUDWLRQ
PHWDEROL]DWLRQ DQG FKHPLFDO LQWHUDFWLRQV 7KH DFWLYLW\ RI
DFHWLFEDFWHULDEHFRPHVPRUHLQWHQVH>@FI)LJ


)LJ(YROXWLRQRIEHDQVS+GXULQJWKHIHUPHQWDWLRQ
D. Thermal Behavior in the Heap during Turning 
%HIRUH WKH ILUVW WXUQLQJDIWHUKRXUVRI IHUPHQWDWLRQ WKH
WHPSHUDWXUH HYROYHV PRUH UDSLGO\ WR P RI KHLJKW LQ WKH
KHDS7KLVHYROXWLRQLVOHVVLPSRUWDQWDWPDQGVWLOOOHVVDW
P$IWHU WXUQLQJE\ URWDWLRQ D GHFUHDVHRI WHPSHUDWXUH LV
VKRZQDWPDQWDWP0RUHRYHUDWPWKLVHYROXWLRQ
LVPRGHUDWH$IWHUWKHILUVWWXUQLQJRIKRXUWKHWHPSHUDWXUH
LQFUHDVHVUDSLGO\DWP$WDQGWKHLQFUHDVHLVORZHU
DQG OHVV UDSLG $IWHU WKH VHFRQG WXUQLQJ RI  KRXUV WKH
WHPSHUDWXUHGLIIHUHQFHV UHFRUGHGDW WKH WKUHH ORFDWLRQV LQ WKH
IHUPHQWHUDUHSUDFWLFDOO\QHJOLJLEOH7KHDPELHQW WHPSHUDWXUH
KDV QR HIIHFW RQ WKH WHPSHUDWXUH LQ WKH IHUPHQWHU )LJ 
$FFRUGLQJ WR +DWPL HW DO >@ WKH WHPSHUDWXUH SDWWHUQ LV
VWUDWLILHG LQWKHIHUPHQWHU:LWKWKLVREVHUYDWLRQPDGHEHIRUH
WKHILUVWWXUQLQJLWFDQEHVXSSRVHGWKDW WKHIHUPHQWHUVZHDWV
E\ JUDYLW\ FRROLQJ WKH EHDQV LQ WKH ERWWRPRI WKH IHUPHQWHU
FDXVLQJWKLVGHFUHDVH7KHWZRVXGGHQFKDQJHVLQWHPSHUDWXUH
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
UHFRUGHG DIWHU WKH ILUVW WXUQLQJ DUH SUREDEO\ GXH WR WKH
PRYHPHQW RI WKH EHDQV IROORZLQJ WKH URWDWLRQ RI WKH
IHUPHQWHU7KXVWKHEHDQVDWPZHUHPRYLQJWRPDQG
YLFHYHUVD)RU WKHEHDQVDWP LWFDQEHDVVXPHG WKDW WKH
WHPSHUDWXUH RQ HLWKHU VLGH RI WKH SUREHZDV YHU\ FORVH7KLV
W\SHRIWXUQLQJE\GURSSLQJPDNHVLWSRVVLEOHWRPL[WKHEHDQV
ZHOOE\EULQJLQJXSWKRVHDWWKHERWWRPRIIHUPHQWHU:LWKWKH
GHJUDGDWLRQRI WKHSXOS WKHHQGRIWKHIORZRI WKH IHUPHQWHG
VZHDWLQJDQGWKHPRYHPHQWRIWKHIHUPHQWHUWRWKHKRUL]RQWDO
SRVLWLRQ WKH WHPSHUDWXUH GLIIHUHQFHV DUH UHGXFHG 7KH\ DUH
SUREDEO\GXH WR WKHUHGXFWLRQRI WKH WKLFNQHVVRI WKHPDVV LQ
IHUPHQWDWLRQ

)LJ(IIHFWRIURWDWLRQDOWXUQLQJRQWKHWHPSHUDWXUH7DWGLIIHUHQWKHLJKWVKLQWKHIHUPHQWHGPDVVGXULQJWKHIHUPHQWDWLRQ?K P?
K P?K P7XUQLQJDWW KKKKKK)HUPHQWHULQKRUL]RQWDOSRVLWLRQEHWZHHQKWRK)HUPHQWHULQYHUWLFDO
SRVLWLRQEHWZHHQKWRK(YROXWLRQRIWKHDPELHQWWHPSHUDWXUH7DGXULQJIHUPHQWDWLRQ?7D
E. Effect of the Fermenter on the Mass of the Beans at the 
End Fermentation 
$IWHUVHYHUDOIHUPHQWDWLRQVWKHORVVHVRIPDVVEHWZHHQWKH
EHJLQQLQJDQGWKHHQGRIWKHIHUPHQWDWLRQHYROYHLQWKHVDPH
SURSRUWLRQV LQGHSHQGHQWO\ RI WKH TXDQWLW\ XVHG IURP LQSXW
YDOXHV EHWZHHQ  NJ DQG  NJ )LJ  7KHVH ORVVHV RI
PDVV GXULQJ WKH IHUPHQWDWLRQV DUH PDLQO\ GXH WR WKH
HYDFXDWLRQRI WKH IHUPHQWHG VZHDWLQJ7KH\DUHGXH WRZDWHU
DQGVXJDUOHDFKLQJDQGPDLQO\UHVXOWLQJIURPWKHGHJUDGDWLRQ
RIWKHSXOSGXULQJWKHDOFRKROLFSKDVH>@'XULQJWKHDFHWLF
SKDVH WKH R[LGDWLRQ UHDFWLRQV RI WKH DOFRKRO WR DFHWLF DFLG
SURGXFH DOVR ZDWHU EXW LQ VPDOO SURSRUWLRQ >@ >@ 7KLV
ZDWHU ZLOO EH HYDFXDWHG DV ZDWHU YDSRU RU E\ IORZ 7KH
IHUPHQWDWLRQ SURFHVV LV UHVSRQVLEOH IRU WKH ORVV RI PDVV DQG
UHODWHG SURGXFWV IURP DOFRKROLF IHUPHQWDWLRQ ,QGHHG VRPH
ZRUNV RQ WKH IHUPHQWDWLRQ RI WKH GDWHVGDWHV SDOP IUXLW
VKRZHGWKDWWKHORVVRIPDVVLVFDXVHGE\WKHFRQVXPSWLRQRI
WKH VXJDUV E\ WKH \HDVWV GXULQJ WKH DOFRKROLF IHUPHQWDWLRQ
>@ ,Q RWKHU VWXGLHV LQ SDUWLFXODU RQ WKH IHUPHQWDWLRQ RI
ZLQH WKH TXDQWLW\ RI FDUERQ GLR[LGH SURGXFHG GXULQJ
DOFRKROLF IHUPHQWDWLRQ LV VRPHWLPHV GHWHUPLQHG E\ D UHJXODU
PHDVXUHPHQWRI WKHPDVV ORVVRI WKHJUDSHPXVW >@$W WKH
HQGRI IHUPHQWDWLRQ WKHPDVV LV WKHUHIRUH WKHPHPRU\RI WKH
IHUPHQWDWLRQSURFHVV,QDIXWXUHVWXG\LWZLOOEHLQWHUHVWLQJWR
VHHLIWKLVHYROXWLRQRIWKHORVVRIPDVVLVWKHVDPHLQWKHRWKHU
IHUPHQWHUV ,Q RXUZRUNV LWV UHGXFWLRQ UHPDLQHG OLQHDU7KLV
HYROXWLRQ FRXOG EH XVHG DV D FULWHULRQ WR HYDOXDWH WKH
HIILFLHQF\RI WKH IHUPHQWHU7KLVSRVVLELOLW\RISUHGLFWLQJ WKH
PDVVZHLJKWDW WKHHQGRI IHUPHQWDWLRQ LQRXU IHUPHQWHUZLOO
DOUHDG\ PDNH LW SRVVLEOH WR SUHGLFW WKH QHFHVVDU\ GU\LQJ
VXUIDFHFRUUHVSRQGLQJWRWKHTXDQWLW\LQIHUPHQWDWLRQ

)LJ/RVVRIPDVVUHFRUGHGDIWHUVHYHUDOIHUPHQWDWLRQV0EHIRUH
IHUPHQWDWLRQ0DIWHUIHUPHQWDWLRQ
F. Quality of the Beans at the End of the Process 
(Fermentation and Drying) 
7KH SURSRUWLRQ RI ZHOO IHUPHQWHG EHDQV EURZQ EHDQV LV
DERXW  7KH SURSRUWLRQ RI EHDQV LQVXIILFLHQWO\
IHUPHQWHG LV RI WKH RUGHU RI 1RGHIHFWLYH EHDQZDV
IRXQG 7KH VDPH UDWLR RI EURZQ EHDQV ZDV IRXQG LQ RWKHU
UHVHDUFKZLWKNJDUHIHUPHQWHGLQDZRRGHQER[>@7KH
DEVHQFHRIGHIHFWLYHEHDQVLQRXUUHVXOWVLVSUREDEO\GXHWRWKH
IHUPHQWDWLRQ RI RQO\ KHDOWK\ EHDQV 7KH JRRG SURSRUWLRQ RI
ZHOOIHUPHQWHGEHDQVLVH[SODLQHGE\DJRRGK\GURO\VLVRIWKH
DQWKRF\DQLQ SLJPHQWV WR DQWKRF\DQLGLQV >@7KHVH FKDQJHV
LQWKHEHDQDUHIDYRUHGE\WKHFRPELQDWLRQRIWHPSHUDWXUHDQG
DFLG ZKLFK SHQHWUDWHV LQVLGH 7KH LQVXIILFLHQWO\ IHUPHQWHG
EHDQV SXUSOH DUH SUREDEO\ GXH WR LQVXIILFLHQW K\GURO\VLV RI
WKHSLJPHQWV
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9 &21&/86,21
7KHVH UHVXOWV VKRZ WKDW GXULQJ WKH IHUPHQWDWLRQV LQ RXU
HTXLSPHQW WKH WHPSHUDWXUH RI  ? & LQ WKH IHUPHQWDWLRQ
PDVVDOORZVWRDFWLYDWHWKHFKDQJHLQVLGHWKHQLEVLQFHWKHUG
GD\ 7KH PRYHPHQWV RI WKH PDVV E\ WKLV W\SH RI URWDWLRQ
FRPELQHGZLWKWKHKRPRJHQL]DWLRQRIWKHWHPSHUDWXUHDQGE\
WKH KRUL]RQWDO SRVLWLRQ LQ WKH DFHWLF SKDVH RI WKH IHUPHQWHU
FRQWULEXWH HIILFLHQWO\ WR KDYH D KLJK SURSRUWLRQ RI ZHOO
IHUPHQWHGEHDQV,WLVDOVRREVHUYHGWKDWWKHWXUQLQJ
EHIRUHKRXUVFRQWULEXWHVWRLQFUHDVHWKHWHPSHUDWXUHLQWKH
IHUPHQWDWLRQKHDS0RUHRYHUWKHS+YDOXHVRIWKHEHDQDUHLQ
WKH UDQJH OHDGLQJ WR WKH EHWWHU DFWLYLW\ RI HQ]\PHV IRU
SURGXFWLRQ RI WKH DURPDWLF FRPSRXQGV )LQDOO\ WKH SRVVLEOH
DQWLFLSDWLRQRIWKHPDVVZHLJKWDWWKHHQGRIWKHIHUPHQWDWLRQ
PDNHV LW SRVVLEOH WR SUHGLFW WKH QHFHVVDU\ ORJLVWLFV IRU WKH
IROORZLQJ WUHDWPHQWV7KLV LPSURYHG IHUPHQWHUPDGHRI ORFDO
PDWHULDOVLQWHJUDWLQJWKHPDLQIXQFWLRQVRIWKHIHUPHQWHUJLYHV
JRRGUHVXOWV,WVRULJLQDOLW\LV LQ LWV UHDOL]DWLRQDQGLQ LWVZD\
WR PDQDJH LW ZLWK DQ HDV\ IXQFWLRQLQJ 7KHLU DFWLRQV RQ WKH
GHYHORSPHQW RI PLFURRUJDQLVPV DQG RQ FKHPLFDO
PRGLILFDWLRQV KDYH WR EH VWXGLHG DQG FRPSDUHG ZLWK RWKHU
W\SHVRIIHUPHQWHU
$&.12:/('*(0(17
:H ZRXOG OLNH WR WKDQN WKH &?WH G
,YRLUH 6WDWH IRU WKH
ILQDQFLQJ JUDQWHG WKURXJK WKH 3UH6H'&L DQG $058*(&,
SURMHFWVXQGHUWKHGHEWUHGXFWLRQFRQWUDFWDVZHOODVWKH,5'
DQGWKH)UHQFK(PEDVV\LQ&?WHG?,YRLUHIRUWKHPDQDJHPHQW
RIWKHREWDLQHGILQDQFLQJ$WWKHVDPHWLPHZHZRXOGOLNHWR
WKDQN WKH 6$% IRU WKH VXSSO\ RI SODQW PDWHULDO DQG WKH
ZRUNLQJVLWH
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